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C O N T E N T S
INTRODUCTION (1)
Technological progress prompts changes in the characteristics and
the quality of a broad range of products. The traditional techniques for
measuring prices are often not able to discount these changes in quality,
at least in their entirety. As a result, they often give rise to an overestima-
tion of the price trend and to an underestimation of the expenditure or
output figures, in real terms, obtained from the deflation of nominal values
by means of these overestimated price indicators.
This paper is part of a research project on the implications of changes
in quality and the emergence of new products for the measurement of in-
flation and growth(2). Its aim is, indeed, to approximate for the Spanish
case the scale of the biases potentially being incurred in the estimates of
the growth rates of the demand and output deflators, and of the changes
in real terms, due to the absence of – or to an insufficient – adjustment of
prices to changes in the quality of certain products. An aggregate exer-
c i s e (3) is thus conducted, consisting of estimating the effect on the
growth rates of demand and output deflators of introducing quality-adjust-
ed prices for certain goods and services, and simulating the conse-
quences this would have for the real growth rates of these macroeconom-
ic variables.
The measurement problems associated with the lack of adjustment
for quality in price indices are particularly significant in those goods and
services where technological progress prompts frequent changes in the
characteristics and in the quality of market products. The products be-
longing to the so-called information and communication technologies (ICT
hereafter) are a case in point given the intensity of the technological ad-
vances made in recent years and, consequently, the calculation of quali-
ty-adjusted price indices is extremely relevant here. In particular, the evi-
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(1) We thank INE for their co-operation and the information provided. We also grate-
fully acknowledge the comments and suggestions by L.J. Álvarez, J.M. Bonilla, O. Bover,
J.J. Camio and P. L’Hotellerie.
(2) See Banco de España (2001).
(3) Similar to that performed by Schreyer (1998).
dence available for the computers and peripheral equipment sector [ob-
tained through the application of hedonic methods(4)] show annual aver-
age decreases in prices of between 10 % and 40 % per year when the
appropriate quality adjustments are made. The potential significance of
these adjustments for the performance of certain relevant macroeconom-
ic variables can be seen in Chart 1. This refers to the US economy
where, applying an hedonic method, the deflator of investment in comput-
ers and peripheral equipment declined between 1986 and 1999 at an av-
erage rate of 15.8 % per year. However, with the use of more traditional
techniques, which do not fully discount the changes in quality, the de-
clines are much lower.
Cars and housing are also products subject to substantial quality
changes (albeit on a lesser scale than ICT products), and their relative
significance in the Spanish economy means that the adjustment of their
price indices for changes in quality is important. The paper has thus se-
lected these three types of products – ICT, cars and housing – to make
quality adjustments in their price indices and to estimate their aggregate
impact on macroeconomic magnitudes. The improvements in quality that
might have occurred in other goods and services (and which are not suffi-
ciently discounted in price indices) are not taken into account; nor is re-
gard had to the losses in quality that may have affected other series of
products (cases in point being the possible deterioration in the provision
of certain services such as air transport or retailing), which might have ef-
fects on macroeconomic variables contrary to those of quality improve-
ments. These considerations should be borne in mind on assessing the
results of this preliminary research in terms of output growth and de-
mand.
Given the absence of estimates of quality-related biases in Spain, the
empirical studies available for other countries on the scale of the overes-
timation of traditional price indices are used in this exercise. Once specif-
ic studies are available for each sector in the Spanish case, the calcula-
tions performed in this paper may be reconsidered. The analysis is con-
ducted with information spanning the period 1986-1994, both because of
the greater length of the sectoral data series available (drawn from the In-
put-Output tables) and to make comparison with the results for other
countries easier.
8
(4) Hedonic price indices are based on the estimation of the relationship between the
price of a good and a set of its characteristics that define its quality. They are therefore use-
ful for segregating that portion of price increases due to quality improvements from pure
price changes. EUROSTAT (1999) recommends the use of hedonic methods in the comput-
ers and peripheral equipment sector, and a defence can be found in Landefeld and Grimm
(2000) of the robustness of their results in the United States, where they have been used in
official statistics since 1985. Bover and Izquierdo (2001) provide a detailed summary of he-
donic studies focused on this sector.
Rounding off the exercise are two extensions. The first performs a
sensitivity analysis of the results, applying adjustments of differing sizes
to those of the basic exercise. And the second compares the results with
those obtained in a paper by P. Schreyer for certain OECD countries [see
Schreyer (1998)], which focuses solely on ICT goods and services. Like-
wise, the Spanish results are set against those of the Eurostat (1999) pa-
per, which applies a quality adjustment to the computer sector for three
Community countries.
9
CHART 1
DEFLATOR OF INVESTMENT IN COMPUTERS AND PERIPHERAL
EQUIPMENT IN THE UNITED STATES
IANALYTICAL FRAMEWORK
As mentioned, the aim of this exercise is to calculate the effects on
real GDP growth rates of adjusting the price indices of certain sectors for
quality. To do this, a simulation exercise is performed, based on the sec-
toral disaggregation used in the final uses matrix of the Input-Output Ta-
bles (IOT). The relative significance of the sectors considered and the
scale of the adjustments needed to take quality improvements into ac-
count delimit the scale of the aggregate impact on macroeconomic mag-
nitudes. That said, this impact will increase: a) the greater the proportion
of the total output of the sectors earmarked for final demand compared
with that for inputs, since an upward correction of the rate of change of in-
puts only causes changes in the sectoral allocations of output, without af-
fecting GDP; and b ) the greater the portion of the sector’s output pro-
duced in the country, as opposed to imported output, since any correction
applied to the real output figures of the sectors analysed should also be
applied to imports, with the subsequent reduction in real GDP. Lastly, it
should be borne in mind that a Laspeyres-type quantities index, such as
that traditionally used in National Accounts, normally tends to bias esti-
mates of growth figures upwards since it uses the prices of the baseline
year for the aggregation of the real amounts. As a result it does not take
into account the changes in the weights that would arise from the
changes in relative prices. On introducing quality adjustments into the
price indices of certain sectors, the changes in relative prices are very
marked and this bias will be all the more significant. Fisher-type superla-
tive quantities indices are particularly to be recommended in this context,
and their use will partly reduce the upward correction of the aggregate
growth figures.
The aggregate effects on the real GDP growth figure that result from
applying quality adjustments to the price indices of certain products are
calculated from the standpoint of demand (or of expenditure). This en-
ables the differential effect on each GDP component (consumption, in-
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vestment, exports and imports) to be studied and, moreover, it prevents
the need for adjustments not only in the value of output of each branch
but also in inputs, where such adjustments would be necessary if the ex-
ercise were tackled from the standpoint of value added.
The first step of the exercise involves introducing a downward correc-
tion into the observed annual average growth rates of the selected output
deflator (this is warranted by the existence of quality improvements which
have not been taken into account in the original deflator). The magnitude
of the correction has been drawn from the empirical evidence available in
other countries for each such product. Once these adjustments have
been made to the goods and services deflators considered, the nominal
values of spending on these products are deflated by the adjusted prices
and new values for real expenditure are obtained. These real expenditure
figures are aggregated in order to calculate new real values for each of
the GDP components, which will differ to a greater or lesser extent from
the initial values depending on the weight in each of them of the goods
and services considered and on the magnitude of the adjustments ap-
plied. In turn, the new real components of GDP are aggregated to calcu-
late the effects on the real growth rate of the economy. Appendix I offers
a detailed summary of the methodology used in these calculations. The
differences arising from using a Laspeyres-type quantities index or a
Fisher index in the aggregation of the various expenditure items are also
discussed. Appendix II details the information set used to perform the ex-
ercise. The original information is from the IOT and consists of current-
price annual expenditure on each GDP component (consumption, invest-
ment, exports and imports) with a breakdown of 56 productive branches.
The information from a series of other surveys, used to obtain a more de-
tailed breakdown than that available at the maximum level of disaggrega-
tion of the IOT, is also presented. The construction of the related defla-
tors at this maximum level of disaggregation is described, using the infor-
mation from a series of price indicators. That enables the various real-
terms items to be expressed, given that the information from the IOT is
only in nominal terms.
Regarding the adjustments applied to the deflators of these items, the
empirical evidence available has found the biggest biases in the mea-
surement of computer prices, [see, for example, the references in Triplett
(1989), Schreyer (1998), Landefeld and Grimm (2000) or the summary of
the hedonic estimates available for this sector in Table II.2 of Bover and
Izquierdo (2001)]. Generally, the empirical studies that have constructed
hedonic price indices for computers have encountered annual declines in
these price indices ranging from 10 % to 40 %, depending on the period
and the types of computers considered. However, less evidence is avail-
able on the difference between the rate of change of a price index calcu-
12
lated using a traditional method and that of an hedonic index. Table II.2 of
Bover and Izquierdo (2001) indicates that the few studies available, all of
which are for the United States, estimate a 10-15 % difference per year
between a price index calculated using a matched model method(1) and
an hedonic index.
When it comes to applying an adjustment to computer price indices
for the Spanish case, the adjustment will hinge crucially on the tradition-
al method used. Chart I.1 shows the great international dispersion exhib-
ited by the deflator of the office equipment and computer sector(2) dur-
13
CHART I.1
DEFLATORS OF VALUE ADDED IN THE OFFICE MACHINERY
AND COMPUTERS SECTOR (a)
(1) This method consists of calculating the increase in prices between two periods as
the change in the prices of those products that are on the market both periods without any
change in their characteristics. This is one of the traditional methods applied by the various
statistical offices to address the measurement problems associated with product quality
changes.
(2) The Spanish data are from INE, the Spanish Statistics Office. The source for the
other countries is Wyckoff (1995). The latter paper shows how the use of a common deflator
for all the countries eliminates much of the divergence across countries in the real growth of
labour productivity in the office equipment and computers sector.
ing the period 1986-92. In those countries using hedonic methods during
this period, namely Australia, Canada and the United States, there are
average annual declines of around 10 %; in the European countries us-
ing more traditional techniques, meanwhile, the declines are far lower or
price increases are even observed. In this respect, the differences be-
tween the price performance in the United States – where hedonic meth-
ods are applied – and Spain may be indicative of the scale of the quality
bias in our country. In particular, the value-added deflator for the Span-
ish office equipment and computers sector posted annual growth of 7 %
during the period 1986-92, while the same deflator in the United States,
calculated with hedonic techniques, fell by 10.4 % per year, i.e. there
was a difference between both deflators of 17 percentage points per
y e a r .
Nonetheless, before adopting a specific figure to adjust Spanish price
indices, it must be remembered that some of the difference is not the out-
come of the use of different methodologies in the construction of the price
index but is rather attributable to other causes. For one thing, the aggre-
gate behaviour of prices in both countries has differed (the GDP deflator
grew three percentage points more a year in Spain than in the United
States in this period). For another, the sector’s product composition might
have been biased in Spain towards lower-technology products than in the
United States. Such considerations advise adopting an adjustment of less
than 17 %. Specifically, a 10 % adjustment has been made as this is
what Schreyer (1998) in his exercise for five OECD countries and Euro-
stat in an exercise for three European countries both use, and because it
can be understood as a cautious estimate of the possible bias in the
Spanish case.
For the remaining ICT products included in this paper, the empirical
evidence available is less abundant. Significantly, included in the manu-
facture of electrical and electronic equipment is the manufacture of semi-
conductors, where the price declines estimated with hedonic methods are
even heavier than those estimated for computers. That would entail ap-
plying an adjustment to its deflator of at least 10 %(3). Also included in
this branch are other ICT products, such as TVs, radios and videos, and
communications equipment, along with other non-ICT products, including
the manufacture of household appliances. For these products, the empiri-
cal studies available have estimated annual differences between tradi-
tional and hedonic price indices of between 3 % and 6 %(4). Nonethe-
less, the breakdown needed to separate ICT products from other electri-
14
(3) See, for example, Triplett (1996).
(4) Gordon (1990) finds a quality bias of 3 % per year in household appliances and of
6 % in radios and televisions, while Boskin et al. (1996) estimate a quality bias of 3 % for
household appliances and of 4 % for video and sound equipment.
cal and electronic equipment is not available in this exercise. Therefore, it
has been decided to apply a lower adjustment of 2 % per year to this
branch in its entirety(5). The same adjustment is applied to communica-
tions services. This sector is one of the biggest investors in high-technol-
ogy products and, although empirical evidence does not abound [see
Schreyer (1996)], the improvements in quality appear to have been signif-
icant and not included in the price indices normally used for the sector. In
his study for five OECD countries, Schreyer (1998) also applies a 2 % ad-
justment.
A 2 % downward adjustment is also applied to the annual average
growth rate of the price index of the vehicles price index. Cars have un-
dergone significant quality improvements(6), although the hedonic esti-
mates available for the US do not seem capable of capturing them in their
entirety(7). As a result, only for certain periods does an hedonic price in-
dex grow below the official price index. This firstly reflects the difficulties
encountered in most studies in obtaining the relevant variables defining
car quality. And it further highlights the fact that the price index calculated
by the Bureau of Labour Statistics includes a most significant range of
quality adjustments, although they are based on cost estimates provided
by producers and not on hedonic methods.
Lastly, an adjustment of one percentage point is applied to the annu-
al average growth rate of the residential property price index. Previous
studies provide widely differing magnitudes [see Table II.4 in Bover and
Izquierdo, (2001)], to the extent even of obtaining losses in quality for
short periods. Nevertheless, the introduction of a downward adjustment
to the deflator is warranted by the house construction quality gains found
in empirical studies when sufficiently lengthy periods are analysed.
These quality improvements are not reflected by the deflators, which are
usually based on construction costs. For the Spanish case, Arévalo
(1998) calculates a Spanish housing quality index in 1980 and 1990,
finding significant improvements in the average quality of housing. True,
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(5) In Schreyer (1998) the 2 % adjustment is not applied uniformly to all the products
of the electrical and electronic equipment branch. In those countries where the data avail-
able allow it, a distinction is drawn between electronic components and integrated circuits
(with an adjustment of 10 %), the manufacture of electrical equipment, video, sound and
communications equipment and measuring devices (with an adjustment of 2 %) and other
electrical equipment (without any adjustment). This breakdown could have been made for
the Spanish case with the Industry Survey, but not with the Quarterly Family Expenditure
Survey or with Customs Records. Accordingly, it was decided here to retain a common
adjustment of two percentage points for the entire electrical and electronic equipment
branch.
(6) In the form of technological improvements making for lower energy consumption,
lower pollution, increased safety (ABS, airbags, etc.), comfort (power steering, air condition-
ing, etc.), performance, etc.
(7) See Table II.3 of Bover and Izquierdo (2001).
this author does not calculate a price index adjusted for these improve-
ments in quality; but insofar as the price index of the sector has not been
calculated adjusting for quality changes, there will be appreciable differ-
ences in its rate of change compared with that of a quality-adjusted in-
d e x .
16
II
EMPIRICAL RESULTS
Table II.1 shows for each GDP component the estimated weight of
expenditure at current prices on each of the products considered in the
exercise. As earlier mentioned (and as detailed in Appendix II, the struc-
ture has been obtained drawing on the basic information provided by the
IOT, with an additional breakdown for certain branches using the supple-
mentary statistics detailed in Table A.II.1 of Appendix II.
As can be seen in the table, the weight of the items related to ICT
products(1) in consumption is low. They are products geared mainly to
investment and, to a lesser extent, to exports, and their high relative
weight in imports is worth noting. Vehicles are also prominent in all GDP
components, while residential property accounts for almost 20 % of the
economy’s total investment. Overall, the items belonging to the selected
sectors represent almost 10 % of the Spanish economy’s GDP. During
the period 1986-1994, the relative weight of this group of goods and ser-
vices in the nominal magnitudes of the Spanish economy scarcely
changed; if anything it declined slightly.
In each case, the price indicators detailed in Table A.II.2 of Appendix
II are used as deflators of expenditure at current prices(2). According to
the information from these indicators, the price performance of the select-
ed products between 1986 and 1994 is as summarised in Table II.2. As
can be seen, the prices of these goods and services generally grew be-
low the deflators of the GDP components. Table A.III.1 of Appendix III
17
(1) Note that, owing to information problems, the ICT include certain products not be-
longing to this sector, such as household appliances. However, these products have also
undergone quite significant changes in quality.
(2) Basically, information has been drawn from the consumer prices index to deflate
the domestic consumption items, from the producer price index to deflate national invest-
ment (except for residential property, for which an implicit National Accounts deflator is
available), and from the unit value indices to deflate foreign investment and imports and ex-
ports.
shows how, in real terms, the relative significance of these products in
the Spanish economy increased during this period.
Since the weight of the products analysed is greater in investment
and in foreign trade, it is these expenditure components whose deflator is
most affected by the adjustments made. Applying quality adjustments to
price indices involves re-estimating upwards the expenditure on each
good in real terms, since the same nominal expenditure is now deflated
by a price index with lower growth. Table A.III.2 of Appendix III provides
the weights of the products considered in the macroeconomic aggregates
at 1986 constant prices, after the adjustments. To obtain the aggregate
effect of these adjustments, the adjusted expenditure components in real
terms are first calculated and, subsequently, aggregated to GDP. These
calculations are made using two alternative quantities indices: a tradition-
al Laspeyres quantities index and the Fisher quantities index, which takes
into account the changes in relative prices when making the aggregation.
The results are summarised in Table II.3.
The introduction of quality adjustments into the deflators can be seen
to increase the real average growth rate of Spanish GDP by between 0.18
18
TABLE II.1
ITEMS INCLUDED IN THE ADJUSTMENTS
PERCENTAGE OF GDP COMPONENTS AT CURRENT PRICES
and 0.22 percentage points per year, depending on whether measurement
is by a Fisher or a Laspeyres quantities index, respectively. The greater in-
crease in final demand (of between 0.32 and 0.45 percentage points) is
partly offset by the strong increase (of between 0.93 and 1.29 percentage
points per year) in imports. As was to be expected, given the scant weight
in domestic consumption of the goods considered in this paper, a very lim-
ited effect on this component –of around one-tenth of a percentage point
per year– is observed. The effects are much more notable on gross fixed
capital consumption, which would have grown by around one percentage
point above what the official figures currently indicate. This effect is the
outcome of the greater weight of the products affected by quality changes
in this component (see Table II.1). Thus, the ICT products are goods prin-
cipally intended for investment, adding to which is the fact that investment
in residential property, albeit with lower quality improvements, accounts for
19
TABLE II.2
PRICES OF ADJUSTED ITEMS
MEAN ANNUAL RATE OF GROWTH, 1986-1994
almost 20 % of the Spanish economy’s gross fixed capital formation. The
effect on investment is also notable because it affects the measurement of
the economy’s capital stock and, therefore, it also has a bearing on the
measurement of total factor productivity. The effects on exports are less
than those estimated for imports, whereby the quality adjustments intro-
duced would increase the estimate of the trade deficit in real terms.
In sum, the estimated impact of quality adjustments on the Spanish
economy’s real growth rate of investment and trade flows is high. Howev-
er, the impact on the real GDP growth rate is considerably lower owing,
first, to the fact that the effects on consumption are scant and, further, be-
cause a high proportion of these products are from abroad. Accordingly,
this translates into higher real imports, which partly offsets the estimated
effects on final demand.
20
TABLE II.3
AGGREGATE EFFECTS OF PRICE ADJUSTMENTS
MEAN ANNUAL RATE OF GROWTH AT CONSTANT PRICES, 1986-1994
As to the effect of the index employed for the aggregation, it can be
seen that when a Laspeyres quantities index is used, holding the
weights of the baseline year fixed, the effects of these adjustments are
greater. This is due to the fact that the Laspeyres index does not take
into account the changes in relative prices brought about by these ad-
j u s t m e n t s .
To determine the importance that consideration of these changes in
relative prices may have for making the aggregation, the last three rows
of Table II.3 offer a breakdown of the effects of the adjustments to the
price indices, on the basis of the quantities index finally selected to make
the aggregation. The last row shows the total effect of the quality adjust-
ments on GDP growth as the difference between the growth rate of a
Fisher quantities index, following hedonic quality adjustment, and the
growth rate of a Laspeyres quantities index following Spanish National
Accounts methodology prior to these adjustments. This total effect would,
therefore, be the result of two different methodological changes: quality
adjustments in prices with hedonic methods and the aggregation method.
The effect due to quality adjustments – without changes in the aggrega-
tion methodology – is measured by the difference between two
Laspeyres quantities indices with and without adjustments and the effect
due to the index used is measured comparing the growth rates of the
Fisher index and the Laspeyres index, both following adjustments. This
highlights the fact that the positive effect of the quality-adjusted prices on
the real growth rate is partly offset by the use of a Fisher index to aggre-
gate, which is a more accurate procedure given the significant changes in
relative prices.
Notable in connection with this breakdown is the fact that, contrary to
what was expected, the index effect is positive. That is to say, after ad-
justing the prices for quality, the growth rate according to a Fisher quanti-
ties index is higher than the growth rate calculated on the basis of a
Laspeyres quantities index. As can be seen in the first two rows of this
Table, the GDP growth rate calculated on the basis of a Fisher quantities
index, likewise before making any adjustment to prices, is above that cal-
culated with a Laspeyres index. Although the adjustments to the deflators
raise the growth rate of the Laspeyres index on a greater scale than for
the Fisher index, they do not do so by such a sufficient amount as to esti-
mate a negative index effect.
This result can be explained by the behaviour of imports during this
period. Imports grew more in real terms than the average of the other
components and their deflator less, so that on aggregating by means of
a Fisher index, the weight assigned to imports is relatively lower than
that in a Laspeyres index; as imports are subtracted in the calculation of
GDP, their negative effect proves to be less in a Fisher index, counter-
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acting the substitution effect occurring in the other expenditure compo-
n e n t s( 3 ) .
Consequently, when interpreting the estimated effects on the Spanish
GDP growth rate arising from the introduction of quality adjustments, it is
worth considering the difference between the growth rates of two
Laspeyres quantities indices, before and after the adjustments (0.22 per-
centage points per year), as the result that would be obtained if INE were
to commence using hedonic price indices for the goods in the sectors
considered in this study but were to retain its traditional Laspeyres-type
volume indices-based methodology for calculating the National Accounts
aggregates. Moreover, the effect on the growth rates of a Fisher quanti-
ties index (0.18 percentage points per year) approximates to the effect
arising from the adjustments to the price indices on the GDP compo-
nents, net of the bias arising on the changes in the relative prices of a
Laspeyres quantities index. That is to say, it can be interpreted as the hy-
pothetical result obtained from applying the quality adjustments when the
aggregation methodology had already been modified beforehand to a
Fisher quantities index. Yet if, along with the hedonic adjustments, a
change in the aggregation methodology towards a Fisher index were in
turn introduced, the overall effect would be greater (0.26 percentage
points per year) than that found when retaining a Laspeyres index as the
aggregation methodology(4).
Lastly, it should be noted that this exercise analyses the average ef-
fects obtained for the period considered. Consequently, this obviates the
temporary profiles of the gains in quality which, were they taken into ac-
count, would probably lead the macroeconomic effects to be greater than
those obtained in the final years of the period considered, since techno-
logical advances have stepped up notably over time.
22
(3) It is proven that the index effect is clearly negative in each of the expenditure com-
ponents, including imports, and in final demand.
(4) It should be highlighted here that in this exercise the substitution effects estimated
with the Fisher index are, probably, at a lower level than those which would arise following a
change in INE’s aggregation methodology towards this type of index. This is because the
level of disaggregation at which this exercise has been conducted is far lower than that
which INE would use.
III
EXTENSIONS
III.1. Sensitivity analysis
There is a degree of uncertainty about the amount of the adjustments
to apply in order to correct quality biases. There are not many empirical
studies available and, moreover, they usually offer figures which differ ac-
cording to the period, the specific type of product, the methodology and
the country analysed. Hence the risk of making adjustments calculated
for a particular country extensive to other countries which, moreover,
probably differ in respect of the traditional techniques used by their statis-
tical offices to make quality adjustments. Accordingly, it is advisable to
conduct a sensitivity analysis of the results obtained in the foregoing sec-
tions by means of adopting alternative scenarios about the amount of the
adjustments applied.
First, scenario A is calculated, adopting a more conservative view
than that of the base scenario as to the necessary scale of the quality ad-
justments to the deflators of the products considered. Compared with
those applied in the base exercise, the adjustments to the deflators of the
products considered in this paper are reduced by half, with the exception
of computers, whose deflator continues to be adjusted by 10 % per year.
As previously mentioned, in this sector the empirical evidence available
for any of the countries or periods considered has found the biggest dif-
ference between the performance of the hedonic price indices and that of
the more traditional price indices, and this 10 % adjustment may be con-
sidered to be cautious. In scenario B, however, it is sought to simulate a
level higher than the aggregate effects of the quality adjustments, and the
actual adjustments applied to computers, cars and housing have been
doubled in respect of the base exercise. The excessive aggregation with
which expenditure on other ICT products is available in this exercise ad-
vises against raising the 2 % adjustment applied to such products in the
base exercise.
23
The results in Table III.1 indicate that under scenario A, where the ad-
justments to the deflators are lower, the real effects of the quality adjust-
ments are still of an appreciable magnitude. The effects on the econo-
my’s investment are notable. Depending on the quantities index used in
the aggregation of the real amounts, this impact ranges from 0.7 to 0.9
percentage points per year. The effect on exports stands at between 0.5
and 0.7 percentage points while the growth rate of imports increases by
between 0.7 and one percentage point per year after the adjustments. The
limited effects on consumption and the offsetting effect of the adjustment
of imports mean that the impact on the real GDP growth rate is less, at
24
TABLE III.1
SENSITIVITY ANALYSIS
AGGREGATE EFFECTS ON MEAN ANNUAL RATE OF GROWTH
AT CONSTANT PRICES, 1986-1994
between 0.1 and 0.13 percentage points a year, depending on the aggre-
gation index. Lastly, the joint effect of the quality adjustments and the
change in aggregation index would amount to 0.18 points per year. Under
scenario B, where quality adjustments have been doubled in computers,
cars and housing, the impact on economic magnitudes in real terms is
most substantial. The GDP growth rate would increase by almost half a
percentage point per year, with the annual growth rates for investment,
exports and imports rising by more than two percentage points following
quality adjustments. This sensitivity analysis thus gives us some idea of
the range of expected effects on the real growth of the Spanish economy
in terms of the magnitude of the adjustments applied to price indices to
accommodate product quality changes.
It is worth verifying how the aggregate effects of quality adjustments
in a single sector may be relevant when the quality improvements in the
sector are of some size. To this end, computers have been selected
since there is broad consensus about the significant quality improve-
ments they have undergone. Table III.2 shows the results of considering
solely adjustments to the deflator for computers. In an initial exercise, in
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TABLE III.2
ADJUSTMENTS APPLIED ONLY ON COMPUTERS
AGGREGATE EFFECTS ON MEAN ANNUAL RATE OF GROWTH
AT CONSTANT PRICES, 1986-1994
scenario C, a 10 % adjustment is applied to the growth rate of the deflator
for this sector, while this adjustment is doubled to 20 % in scenario D. In
scenario C the estimate of the real GDP growth rate would increase very
slightly by between 0.03 and 0.04 percentage points a year. Nonetheless,
the effect on the growth of investment or trade flows are far from negligi-
ble. Scenario D shows that when the quality adjustments in the IT sector
are intense, the aggregate effects may be significant. The upward revi-
sion of the estimated growth rate of investment and of imports might ex-
ceed two percentage points a year. However, the effects on the real GDP
growth rate –which would increase by between 0.09 and 0.17 percent-
age points per year– are moderate.
III.2. International comparison
The differential response of the Spanish economy to an international
phenomenon, namely product quality improvements, is worthy of analysis.
This differential response will essentially reflect the different structure of
Spanish demand and the different degree of technological dependence in
these products. To this end, the study by Schreyer (1998) for five OECD
countries (Canada, France, Japan, the Netherlands and the United States)
is replicated. The study simulates the real growth rates of GDP components
derived from making the same quality adjustments to the prices of ICT
goods and services for all five countries. The adjustments are: –10 percent-
age points in computers and semiconductors and –2 percentage points in
other ICT. It has not been possible in Spain’s case to segregate semicon-
ductors; a somewhat broader range of products had to be taken, namely
the entire electrical and electronic equipment branch.
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TABLE III.3
AGGREGATE EFFECTS OF ADJUSTMENTS IN PRICE INDICES
MEAN ANNUAL RATE OF GROWTH AT CONSTANT PRICES, 1986-1994
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TABLE III.4
INTERNATIONAL COMPARISON OF AGGREGATE EFFECTS
OF ADJUSTMENTS IN PRICE INDICES
MEAN ANNUAL RATE OF GROWTH AT CONSTANT PRICES
Table III.3 offers the results obtained for Spain once the set of sectors
considered has been confined to ICT products to make the comparison
with the results obtained by Schreyer (1998), and which are set out in
Table III.4. Comparison of both tables shows that quality adjustment in
ICT products, without altering the type of index used (Laspeyres), has a
comparatively low effect in the Spanish case, the lowest of all in fact ex-
cept for Canada. Thus, while the effect on Spanish GDP is quantified as
0.1 percentage points, in France it is double and in the Netherlands and
the United States triple this, rising to 0.7 percentage points in Japan. This
result is largely due to greater technological dependence and to the rela-
tively low weight of investment in these types of goods. Indeed, the
biggest differences are in investment, the adjustment of which in Spain is
significantly less than in the three latter countries. The greater relative
weight of these types of goods in Japan is because this country is impact-
ed to a far greater extent than the other countries. Notably, the scale of
the effect on consumption in all countries is far less than that on the other
GDP components.
If what is compared is the aggregate impact of making quality adjust-
ments to ICT products and of simultaneously modifying the index used
(substituting a Laspeyres for a Fisher index), the effect on Spanish GDP
is greater than that obtained for Canada and the Netherlands, similar to
that for France and the United States, but less than that for Japan.
Elsewhere, EUROSTAT (1999) estimated how much the GDP growth
rate would rise if a 10 % quality adjustment were introduced into the de-
flators for computers in the year 1991 for Germany, France and the
Netherlands. Its results are comparable, although somewhat greater than
those obtained here for Spain, 0.04 percentage points (Table III.2, first
line of scenario C), as they are 0.06 percentage points for France, 0.13
percentage points for the Netherlands and 0.15 percentage points for
Germany.
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IV
CONCLUSIONS
Insofar as the traditional techniques used to construct price indices
are not capable of separating the pure change in prices from the change
brought about by alterations in product characteristics that increase their
quality, price growth will be overestimated and, as a consequence, the
estimate of the macroeconomic magnitudes at constant prices will be
lower. Given the rapid technological progress in recent years, this circum-
stance has become a focus of particular interest. This paper has attempt-
ed to illustrate the magnitude of the bias incurred in the estimation of the
real growth rate of GDP and its components owing to the lack of price ad-
justment for product quality changes.
In this connection, an evaluation has been made of the conse-
quences of introducing quality adjustments into a set of sectors where
these quality changes have been prominent. The international evidence
pinpoints the ICT sector’s set of goods and services as that where the
measurement problems associated with quality changes are most telling.
In addition, the housing and car manufacturing sectors have been consid-
ered as they have a particularly significant weight in the Spanish econo-
my and because they have undergone substantial quality improvements
in recent years. Drawing on the empirical studies available for other coun-
tries, generally for the United States, the price growth rates in these sec-
tors have been adjusted by a factor that captures the insufficiently dis-
counted quality adjustments, thereby obtaining adjusted growth rates for
the deflators and for real expenditure for each of these products. As
these rates are aggregated, they give rise to an upward estimate of the
Spanish economy’s real growth figures.
The results of the paper should be viewed with caution for several
reasons. First, it is confined to the sectors where quality improvements
may have been most substantial, but the gains in quality that may have
occurred in the rest of the economy are not taken into account. Yet nor is
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regard had to the losses in quality that may have taken place in certain
goods and services and which could offset, at least in part, the lack of ad-
justment for quality improvements in other sectors of the economy. In any
event, it is not possible with the information available to quantify the net
effect; moreover, statistical limitations make it very difficult to perform an
exercise including all sectors of the economy. Lastly, the adjustments ap-
plied to contemplate changes in quality have not been calculated specifi-
cally for Spain but have been drawn from the analysis of the evidence
available for other countries. Overall, therefore, this exercise does not of-
fer an accurate estimate of the corrections, derived from quality-adjusted
price indices, to the real growth rates of Spanish macroeconomic aggre-
gates. However, it does highlight the quantitative and qualitative rele-
vance these adjustments may have, providing information on the magni-
tude of the foreseeable impact on the growth rates of the deflators and of
real GDP.
Bearing these caveats in mind, the annual average real GDP growth
rate during the period 1986-1994 would be re-estimated upwards by two-
tenths of a point following the quality adjustments to the price indices of
the sectors considered. By GDP component, the effects of these adjust-
ments are particularly significant in investment, exports and imports, and
are low in the case of domestic consumption. The impact on investment
is notable since it affects the estimate of the economy’s capital stock and
has implications, therefore, for the analysis of economic growth as it af-
fects the estimate of total factor productivity. In these calculations, the
type of quantities index used in the aggregation of the real amounts is a
significant element. Given the marked changes in relative prices prompt-
ed by the adjustments to price indices, the substitution bias incurred with
a Laspeyres quantities index translates into an over-estimation of the ag-
gregate effects of the adjustments. A Fisher quantities index, which takes
these changes in relative prices into account, slightly reduces the esti-
mated effects (the effect on the GDP growth rate falls to 0.18 percentage
points per year compared with the 0.22 points estimated with a
Laspeyres index).
The sensitivity analysis conducted shows that, under different as-
sumptions, the estimated effects are, in any event, relevant in estimating
the growth rate of investment and of trade flows, although the impact on
GDP may prove to be on a much lower scale. These effects are qualita-
tively and quantitatively comparable to those estimated for other coun-
tries. In this respect, although the estimated magnitude of these mea-
sures and biases may not explain, for example, the growth differentials
observed in recent years between the US and European economies, it is
advisable to focus attention on the significance of the measurement prob-
lems associated with quality changes when international comparisons are
30
made between countries whose methodology for constructing quality-ad-
justed price indices differs.
With the availability in the near future of specific studies(1) for the
Spanish economy on the magnitude of quality biases in the sectors con-
sidered, the estimates presented in this paper may be revised. Further, it
is also planned to perform a similar exercise for the period 1995-99
based on National Accounts information, allowing assessment of the ex-
tent to which the study of a more recent period prompts changes in the
estimates presented. In principle, given the growing importance of ICT in
recent years and the empirical evidence available for the United States,
which appears to indicate that the speed of quality improvements has in-
creased(2), quality adjustments to price indices based on more recent in-
formation will foreseeably have a greater impact on the economy’s real
growth rates.
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(1) As part of the research project on the problems derived from quality changes, esti-
mates of hedonic price indices for computers, cars and housing will be made. See Banco de
España (2001).
(2) See Berndt, Dulberger and Rappaport (2000).
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APPENDIX I
ACCOUNTING FRAMEWORK
For each GDP component, the value in current prices of the annual
expenditures on each of the products whose prices are to be adjusted is
needed,Ygk t, where k = 1,…,K, are the products considered and g = C, I,
X, M, where C denotes domestic consumption, I gross fixed capital for-
m a t i o n(1), X exports and M imports. This information is obtained from
the 1986-based National Accounts IOT (specifically from the tables on to-
tal end-use, end-use of domestic production and end-use of imports),
which offer information with a breakdown into 56 productive branches for
the period 1986 to 1994; as will be detailed below, it will occasionally be
necessary to resort to supplementary statistical sources to arrive at the
desired level of disaggregation.
Having obtained the desired breakdown identifying nominal expendi-
ture on each of the K products, for each GDP component, such expendi-
ture must be expressed in real terms. The IOT are only available in nomi-
nal values, various price indicators to deflate nominal expenditure have
been used, depending on the product and on the GDP component (see
Appendix II). Thus, the following amounts have been obtained:
where Pgkt is the deflator of product k in GDP component g, in period t,
and qgkt is the value of expenditure in real terms. Some of the price indica-
tors for the K products are Laspeyres indices, while the National Ac-
qkt
g
 = 
Ykt
g
Pkt
g
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(1) As detailed below, a distinction has been made in gross fixed capital formation be-
tween that of domestic and that of foreign origin. But in order to simplify the notation here,
this breakdown is not made explicit. Note that this breakdown is not needed in the case of
domestic consumption, because the indicators used include both domestic and foreign
products.
counts deflators are Paasche indices. In such cases the deflator has
been calculated by the formula:
where Hgkt is the average value in year t of the price indicator for product
k, for the GDP component g.
For the remaining items of each component g, which are not part of
the products affected by the correction of quality biases, a deflator, PgRt,
has been calculated as a difference, which is no more than:
where Pt
g is the National Accounts deflator of component g and
is the weight of each product k in that component.
Once the foregoing information is available, the desired adjustments
can be made to the deflators of each of the K products, reducing their an-
nual growth rate pgkt1 by l k percentage points, between the initial year , t0,
and the final year, t1 of the exercise(2).
The adjusted deflators 
~
Pgkt1 enable the real expenditure on each prod-
uct k for each GDP component to be re-calculated.
By construction Pgkt1 >
~
Pgkt1 whereby q
g
kt1 <
~qgkt1.
q kt1
 g
 = 
Y kt1
 g
P  kt1
 g
P  kt1
 g
 = Pkt0
g
 1 + p kt1
 g  – l  k
(t1 – t0)
Pkt1
g
 = Pkt0
g
 1 + p kt1
g (t1 – t0)
a kt – 1
 g  = 
Y kt – 1
 g
gt – 1
PRt
g
 = 
P t
g
 – a kt – 1
 g  Pkt
g
å  K
1 – a kt – 1
 g
å  K
Pkt
g
 = 
Hkt
g
Hkt – 1
g
 100
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(2) The study spans the period from 1986 to 1994, but the simulation could be made
for a specific sub-period.
To calculate the effect arising from the adjustment for changes in
quality to the real growth rate of each of the GDP components, the new
values of the components are calculated in real terms, adjusted for
changes in quality and expressed as an index number, ~gL:
This aggregation is made using Laspeyres indices –i.e. the weights
of each product are based on the initial year– as corresponds to the Na-
tional Accounts quantities indices. From the ratio ~gL / gL for each of the
adjusted and non-adjusted GDP components, we obtain the effect arising
from the quality adjustment in these components(3). 
To avoid the substitution bias to which a Laspeyres index is subject
when there are changes in relative prices, a Fisher index is preferable,
defined as the geometric mean of the Laspeyres index and the Passche
index, and which allows this substitution process to be taken into ac-
count. The Paasche index is calculated at end-year prices.
Consequently, the Fisher index is calculated as:
For each GDP component, the effect of replacing the Laspeyres in-
dex by a Fisher index is  ~gF /
~gL.
Lastly, the aggregate effect on the growth of the economy is comput-
ed in the same way as for each of the components, distinguishing be-
tween the effect attributable to the quality-change adjustment and the ef-
fect due to the use of a Fisher index. 
gF = gL gP           g = C, I, X y M
gP = 
P  kt1
 g
å  k = 1
 K
 q kt1
 g
 + P jt1
gå  j ¹  k  qjt1
g
P  kt1
 g
å  k = 1
 K
 qkt0
g
 + P jt1
gå  j ¹  k  qjt0
g
          g = C, I, X y M
gL = 
Pkt0
gå  k = 1
 K
 q kt1
 g
 + P jt0
gå  j ¹  k  q jt1
 g
Pkt0
gå  k = 1
 K
 qkt0
g
 + P jt0
gå  j ¹  k  qjt0
g
          g = C, I, X y M
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(3) As what is sought is to learn how quality changes may have affected the growth of
the macroeconomic variables, in the exercise the effect is computed as the difference be-
tween the adjusted and non-adjusted growth rates.
APPENDIX II
INFORMATION USED
To identify the products whose prices require adjusting for quality
changes, it is necessary to move to a substantially disaggregated level in
terms of productive branches. The breakdown into 56 branches offered
by the National Accounts 1986-based IOT is not sufficient in certain cas-
es. The products identified as belonging to the ICT sector (1) are included
in the branches 230 (office and data processing machinery and other pre-
cision instruments), 250 (electrical and electronic equipment) y 670 (com-
munications services). The manufacture of vehicles is branch 270 and
housing is in branch 530 (construction). Nonetheless, these branches are
too aggregated for conducting the exercise: specifically, for three of them
(230, 530 and 670) a greater breakdown is needed. This has been ob-
tained from information from supplementary statistical sources, whose
percentage structures have been used to disaggregate the nominal
amounts of these three IOT branches.
To break consumer expenditure down, the Spanish Quarterly Family
Expenditure Survey (ECPF) has been used. As regards gross fixed capi-
tal formation, a distinction has been made between that of domestic and
that of foreign origin. In particular, for that of domestic origin, the informa-
tion provided by the Industrial Survey (EI) or Spanish National Accounts
(CNE) has been used. Customs Records (RA) have been used to break
down foreign gross fixed capital formation, along with imports and ex-
ports. Given the range of statistical sources needed, the level of disag-
gregation arrived at has been conditional upon information availability
and the consistency of each source.
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( 1 ) The goods and services forming part of ICT are defined in accordance with
Schreyer (1998).
The second column of Table A.II.1 details the information from the
ECPF used to disaggregate the IOT expenditure on domestic consump-
tion relating to branches 230 and 670. Branch 230 is broken down into of-
fice machinery and computers, and precision instruments. As Table A.II.1
shows, both categories are the result of adding together several family
expenditure items. Branch 670 is broken down into postal services and
telecommunications services. As to branch 530, although in domestic
consumption there is minor expenditure on this item relating to small
home repairs, it has not been deemed appropriate to adjust it for quality
changes.
The third column of Table A.II.1 contains the breakdown of domestic
gross fixed capital formation spending of the IOT. As with the segregation
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TABLE A.II.1
BREAKDOWN OF THE VARIOUS IOT BRANCHES
BY GDP COMPONENT
IOT branch breakdown
(56 branches)
Domestic consumption
(Source: ECPF)
Domestic gross
fixed capital formation
(Sources: EI and CNE)
Sector NACE-74
Foreign gross
fixed capital formation,
exports and imports
(Source: RA)
230 Office and data pro-
cessing machinery
and other precision
instruments
— Personal computers,
videos and electronic
games
— Typewriters (included
in Musical instru-
ments, boats and oth-
er goods)
— Surgical equipment
and orthopaedic ap-
pliances
— Photographic, film and
projection equipment
Sector 39, Precision,
measuring and control
instruments (EI)
Sector 15, Precision in-
struments
250 Electrical and elec-
tronic equipment
670 C o m m u n i c a t i o n s
services
270 Manufacture of mo-
tor cars and engines
530 Construction (a) — Residential property
(CNE)
(a)
— Other
No further breakdown No further breakdown No further breakdown
— Post and telegraphy
— Telephony
(a)
(b)
(b)
(b)
No further breakdown No further breakdown No further breakdown
Sector 33, Office and
data processing ma-
chinery (EI)
Sector 11, Computer
and office equipment
Source: Banco de España.
(a) There is no expenditure on this productive branch.
(b) This expenditure is assumed to relate in its entirety to telecommunications.
made for domestic consumption expenditure, on this occasion, with the
EI, a distinction is made in branch 230 between office and data process-
ing machinery (sector 33 of NACE-74) and precision, measurement and
control instruments (sector 39). Branch 530 is, with the help of Spanish
National Accounts (CNE), broken down into residential property and oth-
er. As to branch 670, there is no expenditure on this component.
The items relating to foreign gross fixed capital formation, imports and
exports of the 56-branch IOT are broken down on the basis of the disag-
gregated information from Customs Records. As can be seen in the
fourth column of Table A.II.1, this information allows branch 230 expendi-
ture to be broken down into IT and office equipment, and precision instru-
ments, but not so branch 670. In the absence of an indicator, it has been
assumed that branch 670, communications services, relates in its entirety
to telecommunications services. Lastly, in the foreign sector there is no
expenditure in branch 530 and the expenditure in this branch on gross
fixed capital formation is domestic.
Charts A.II.1 to A.II.6 show the structure obtained for the IOT branch-
es that have been broken down (230, 530 and 670), for each GDP com-
ponent.
As earlier indicated, no deflators are available within the IOT account-
ing framework; therefore, deflators have been constructed for each com-
ponent and each product drawing on the price indicators closest to CNE
methodology. The CNE implicit deflators have been used for the GDP
components. Table A.II.2 shows the set of price indicators used for each
disaggregated item. For domestic consumption expenditure, resort has
been had to the sub-classes of the consumer price index (CPI) (2); the
domestic gross fixed capital formation in these products has been deflat-
ed using the producer price indices (PPI), except for residential property,
for which the related Spanish National Accounts implicit deflator is avail-
able. Foreign gross fixed capital formation, imports and exports have
been deflated using the related unit value indices (UVI). As no UVI is
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(2) The 1983 and 1992 CPI bases have been joined beforehand. As the first available
figure of the 1983-based CPI is that of August 1985, the deflator of the items affected by
quality changes in the year 1986 has been calculated as the observed average growth of
the corresponding CPI items between August and December 1986 compared with the same
period a year earlier. In turn, although telegraphy has not been included in telecommunica-
tions domestic consumption expenditure, its prices are in fact included in the estimated de-
flator, since the information available does not allow this incongruence to be circumvented;
foreseeably, given the limited weight of telegraphy, the distortion will not be considerable.
available for telecommunications services, these have been deflated with
the CPI sub-class of telephony and telegraphy services.
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TABLE A.II.2
PRICE INDICATORS OF PRODUCTS AFFECTED
BY QUALITY CHANGES
Description
Domestic consumption
indicator
(Source: CPI)
Domestic gross fixed
capital formation
indicator
(Source: PPI) (a)
Indicator of foreign gross
fixed capital formation,
exports and imports
(Source: UVI) (a)
Office machinery and
computers
Precision instruments (c)
Electrical and electronic
equipment (c)
Telecommunications
Vehicles
Residential property (d) Implicit deflator of Resi-
dential property in Span-
ish National Accounts
(d)
— Motor vehicles
— Other vehicles
— Parts, spare 
parts and
accessories
Construction of motor ve-
hicles and their spare
parts
Vehicles
Telephony and telegra-
phy service
(d) CPI of telephony and
telegraphy service
— Household appli-
ances
— Radios
— T e l e v i s i o n s
— Other video and sound
e q u i p m e n t
— Construction of ma-
chinery and electrical
equipment
— Manufacture of elec-
tronic equipment (ex-
cept computers)
Electrical and electronic
machinery
— Equipment and ther-
apeutic appliances
— Photographic equip-
ment and appliances
Manufacture of precision,
optical and similar instru-
ments
Precision instruments
Personal computers,
typewriters and other (b)
Construction of office
equipment and computers
IT and office equipment
Source: Banco de España.
(a) Unless otherwise indicated.
(b) For before 1993 the series is “Other leisure goods” from the 1983-based CPI.
(c) When several series are broken down, the indicator is the weighted average thereof.
(d) There is no expenditure in this productive branch.
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BREAKDOWN OF IOT BRANCHES IN NOMINAL TERMS
CHART A.II.1
BREAKDOWN OF BRANCH 230 ACCORDING TO THE ECPF
CHART A.II.2
BREAKDOWN OF BRANCH 670 ACCORDING TO THE ECPF
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CHART A.II.4
BREAKDOWN OF EXPORTS IN BRANCH 230 ACCORDING
TO CUSTOMS RECORDS
CHART A.II.3
BREAKDOWN OF BRANCH 230 ACCORDING TO THE INDUSTRIAL SURVEY
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CHART A.II.5
BREAKDOWN OF IMPORTS AND INVESTMENT OF FOREIGN ORIGIN
IN BRANCH 230 ACCORDING TO CUSTOMS RECORDS
CHART A.II.6
BREAKDOWN OF BRANCH 530 ACCORDING TO THE CNE
APPENDIX III
ADDITIONAL TABLES
47
TABLE A.III.1
ITEMS INCLUDED IN THE ADJUSTMENTS.
PERCENTAGE OF TOTAL AT 1986 CONSTANT PRICES.
OFFICIAL PRICES
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TABLE A.III.2
ITEMS INCLUDED IN THE ADJUSTMENTS.
PERCENTAGE OF GDP COMPONENT AT CONSTANT PRICES.
ADJUSTED PRICES
PUBLICATIONS IN THE «ECONOMIC STUDIES»
SERIES OF THE BANCO DE ESPAÑA
RESEARCH DEPARTMENT (1)
1. Julio Rodríguez López: Una estimación del producto interior bruto trimestral de Es-
paña, 1958-1971 (1972). (Publicadas nuevas versiones en Documentos de Trabajo
núms. 8211 y 8301.)
2. Vicent Poveda Anadón y Pedro Martínez Méndez:El empleo de tasas de variación
como indicadores cíclicos (1973) (*).
3 . Ignacio Garrido Sánchez:El rendimiento interno de las obligaciones, 1960-1973
(1974) (*).
4. Francisco Martín Bourgón:Rendimiento de una cartera de valores en España en el
período 1961-1972 (1974) (*).
5. José Manuel Olarra Jiménez:Medidas de política monetaria adoptadas en el perío-
do 1957-1973 (1974) (2ª edición: 1976).
6. José Pérez Fernández:Un modelo para el sector financiero de  la economía españo-
la (1975) (*).
7. Julio Rodríguez López: Las encuestas coyunturales, su empleo en España (1975).
8. Ana Sánchez Trujillo:Relaciones econométricas sobre precios y salarios en la eco-
nomía española (1977).
9. José Pérez Fernández: El tipo de rendimiento de las obligaciones y la demanda de
depósitos (1977).
10. Luis Ángel Rojo y José Pérez Fernández:La política monetaria en España: objeti-
vos e instrumentos (1977) (*).
11. Antoni Espasa:Estimación y selección de modelos econométricos dinámicos (1978).
12. Jesús Albarracín Gómez:La función de inversión bajo una tecnología Putty-Clay: un
intento de estimación para la economía española (1978).
13. Julio Rodríguez López: Una estimación de la función de inversión en viviendas en
España (1978).
14. José María Bonilla: Funciones de importación y exportación en la economía españo-
la (1978).
1 5 . Antoni Espasa: El paro registrado no agrícola, 1964-1976: un ejercicio de análisis
estadístico univariante de series económicas (1978).
16. Miguel Ángel Arnedo Orbañanos: Formulación de un índice de posición efectiva de
la peseta mediante medias geométricas (1978).
17. Adolfo Sánchez Real:La financiación del sector eléctrico. La utilización del mercado
de valores (1979).
18. Antoni Espasa:La predicción económica (1980).
19. Agustín Maravall:Desestacionalización y política monetaria. La serie de depósitos
del sistema bancario (1981).
20. Pedro Martínez Méndez:El control monetario a través de la base monetaria: la expe-
riencia española (1981).
21. Agustín Maravall:Errores de medición del crecimiento a corto plazo de series mone-
tarias desestacionalizadas: una fundamentación estadística de las bandas de toleran-
cia (1981).
—————
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